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ABSTRACT 


Objective: Contact tracing aids epidemic control by enabling early detection and isolation 
without overburdening healthcare systems despite potential challenges. This study aimed 
to evaluate the practical application of contact and risk assessment-based models in pre- 
dicting SARS-CoV-2 infection following exposure among healthcare workers in a large ter- 
tiary public university hospital in Turkiye. 

Material and Methods: The study was designed as a retrospective cohort study, includ- 
ing contact tracing data from 3389 exposed healthcare workers from March 23, 2020, to 
October 22, 2021. Contact-based (mask use, contact duration and distance) and exposure 
risk-assessment-based (low, medium, high-risk) models with and without having symp- 
toms were generated using logistic regression. SARS-CoV-2 infection was defined as having 
a positive SARS-CoV-2 RT-PCR test result. Adjustments were made to the models for demo- 
graphic and occupational variables, previous infection, and vaccination. Model parameters 
were compared. 


Results: Of 3389 exposed healthcare workers, 2451 underwent RT-PCR testing. Among those 
tested, RT-PCR positivity was 5.9% (144/2451). Lack of personal protective equipment use 
(odds ratio [OR]=1.64, 95% confidence interval [CI]=1.03-2.66) and >15 minutes of contact 
duration (1.89, 1.21-3.09) were significantly associated with RT-PCR positivity. In the risk-as- 
sessment model, being a high-risk contact increased the odds of RT-PCR positivity (OR=2.76, 
95% CI=1.61-5.03). Adding the presence of symptoms to contact-based and risk assessment 
models improved model parameters (Akaike information criterion [AIC]: from 1086.1 to 
1083.1; Tjur’s R?: from 0.016 to 0.019, respectively). 


Conclusion: The inclusion of being symptomatic improved the contact-based and risk as- 
sessment-based models. Institutions should be encouraged to incorporate symptom in- 
quiries into risk assessment protocols in response to newly emerging respiratory virus epi- 
demics. Institutions lacking the capacity for extensive contact tracing are recommended, at 
minimum, to track symptomatic exposed workers for epidemic control. 
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INTRODUCTION 


ontact tracing has been recognized as a crit- 

ical process in controlling infectious disease 

epidemics. Its objectives include early identifi- 
cation of potentially infectious cases and prevention 
of the emergence of new clusters (1). In the context of 
the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection, in-hospital contact-tracing 
efforts ensure the well-being of frontline healthcare 
workers (HCWs) to maintain essential healthcare 
services (2). For this reason, many hospitals from 
different nations implemented infection risk assess- 
ments for HCWs according to international/national 
guidelines, institutional needs, and resource capaci- 
ties (3-6). Yet, the key measures to evaluate infection 
risk were based on exposure: use of masks, contact 
distance and duration (7, 8). 


Large-scale hospital-based studies found household 
exposure (3, 9), contact with a patient (3), being symp- 
tomatic (5), and inadequate use of personal protec- 
tive equipment (PPE) (9) as the significant factors 
that contributed to testing positive for SARS-CoV-2 
after exposure. In addition, three studies in Turkiye 
found that high-risk exposures (<1-meter distance, 
>15-minute duration, no mask) had a higher risk of 
infection (10-12). The work environment and contact 
type also affected exposure and SARS-CoV-2 infec- 
tion risk (12); for example, the index case was more 
ikely to be another coworker (11, 13). 


Early on in the SARS-CoV-2 pandemic, international 
organizations proposed infection risk assessment al- 
gorithms for HCWs. The World Health Organization 
WHO) recommended infection risk assessment us- 
ing only the exposure risk. The WHO classified expo- 
sure risk as low and high based on contact character- 
istics (Le., use of masks, contact distance, and dura- 
tion). However, the complexity of in-hospital contact 
scenarios and not including symptom assessment 
in the algorithms resulted in risk categorization and 
management limitations. Moreover, contact tracing 
and exposure risk assessment were time-consuming 
and resource-intensive processes requiring trained 
personnel to ensure standardized evaluation (14, 15). 


Given these challenges, a need for an accurate and 
easy-to-use contact tracing strategy for respiratory 
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virus infections that require a rapid, global response 
in the future remains. This study aimed to evalu- 
ate models derived from real-world hospital-based 
contact tracing data to predict SARS-CoV-2 infec- 
tion in a simplified manner. 


MATERIALS AND METHODS 


In this retrospective cohort study, we examined 
all SARS-CoV-2 infection and contact tracing data 
collected between March 23, 2020, and October 22, 
2021, from HCWs at the Dokuz Eyluil University Re- 
search and Application Hospital in Izmir, Turkiye. 
The hospital had a workforce of nearly 4000 em- 
ployees, and during the pandemic, provided both 
outpatient and inpatient care for coronavirus dis- 
ease 2019 (COVID-19) patients. 


Dokuz Eylul University Non-Interventional Re- 
search Ethics Committee approved the study with 
the number 2022/17-15. 


Risk Assessment Procedure 

Upon identifying a confirmed COVID-19 case among 
HCWs, our institution implemented rigorous con- 
tact tracing and risk assessment procedures. If the 
primary case was an HCW, a list of potentially ex- 
posed coworkers was compiled for contact tracing, 
and the contact tracing period started two days be- 
fore symptom onset for symptomatic cases. For as- 
ymptomatic cases, contact tracing started two days 
before the first positive SARS-CoV-2 RT-PCR (RT- 
PCR) test result. All coworkers potentially exposed 


HIGHLIGHTS 


e Infection risk prediction is enhanced by including 
symptomatic status among healthcare workers. 

e There was no significant relationship between 
contact distance and increased infection risk. 

e Personal protective equipment use reduced RT- 
PCR positivity in healthcare settings. 

e Contact duration over 15 minutes increased 
transmission risk significantly. 

e Focusing on protecting vulnerable healthcare 
workers was found to be essential instead of a 
zero-infection policy. 
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Table 1. Levels of exposure risk for HCWs: algorithms from institutional and Ministry of 
Health sources based on the primary case, use of masks, contact distance and intensity. 


>1-m contact distance <1-m contact distance 
Algorithm Primary case Use of masks 
Low intensity | Highintensity | Lowintensity | High intensity 

CP(+) / E(+) No risk Low Low Low 

CP(+) / E(-) Low Low Low Medium 
Institutional HCW 

CP(-) / E(+) Low Medium Medium High 

CP(-) / E(-) Medium Medium High High 

Pt(+) / E(+) No Risk No Risk No Risk No Risk 

Pt(+) / E(-) Low Medium Low Medium 
MoH Patient 

Pt(-) / E(+) Low Medium Low Medium 

Pt(-) / E(-) Low High Low High 


MoH: Ministry of Health, HCW: Healthcare workers, CP: COVID-19 HCW, E: Exposed HCW, Pt: COVID-19 patient. 
(+): using a mask; (-): not using a mask. 


High Intensity: For HCW-to-HCW contacts, activities done face-to-face such as consuming meals, drinking tea or 


coffee, smoking, conversing face-to-face, coughing, sneezing, or any action sustained for a duration exceeding 
15 minutes. For patient-to-HCW contacts, conducting respiratory procedures such as non-invasive ventilation, 
specimen collection, aspiration, nebulizer administration, cardiopulmonary resuscitation (CPR), oropharyngeal 
examination, ophthalmological assessments, endoscopy, bronchoscopy, and similar procedures. 


Low Intensity: For HCW-to-HCW contacts, activities done face-to-face (such as consuming meals, drinking tea 
or coffee, smoking, conversing face-to-face, coughing, sneezing), including brief periods of rest lasting less than 
15 minutes, sitting without conversing, and exchanging documents or objects while adhering to hand hygiene 
protocols. For patient-to-HCW contacts, activities are not included in the high-intensity category. 


to an infected case during these periods were iden- 
tified. Trained public health residents conducted 
telephone interviews with the exposed HCWs un- 
der the supervision of senior occupational health 
and epidemiology professionals. Symptoms associ- 
ated with the illness were evaluated as fever, cough, 
respiratory symptoms, myalgia and malaise, loss of 
taste and smell, and diarrhea. 


We utilized exposure risk assessment using two 
distinct algorithms: one for patient-to-HCW con- 
tacts and the other for HCW-to-HCW contacts. 
Patient-to-HCW contacts were assessed following 
the guidelines of the Turkish Ministry of Health 
(16). This national algorithm included the patient’s 
mask use, the HCW’s mask use, and PPE suitability 
for healthcare procedures. Since no national guide- 
lines were available for evaluating contacts among 
HCWs, our institution developed an algorithm for 
HCW-to-HCW interactions, which was aligned with 
international guidelines and expert opinions within 


our institution. The risk assessment algorithm for 
HCW-to-HCW contacts included contact duration, 
distance, mask use, and the intensity of interac- 
tions, such as handshaking or having meals or cof- 
fee together (13). Both algorithms are summarized 
in Table 1. 


Following the assessment, exposure risk levels were 
classified as low, medium, or high. Low or medi- 
um-risk HCWs were permitted to continue working 
while being monitored for symptoms for 14 days 
from the last contact with a SARS-CoV-2 infected 
person. Medium-risk HCWs underwent an RT-PCR 
test on the seventh day of the first contact. High- 
risk HCWs were subject to work restrictions and 
home quarantined until RT-PCR testing was con- 
ducted on the seventh day. After the assessment, 
informative text messages detailing work restric- 
tions, quarantine procedures, and scheduled RT- 
PCR testing dates were sent to the HCWs. Routine 
RT-PCR testing was recommended for medium to 
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Table 2. Characteristics of SARS-CoV-2 exposed HCWs 


toms were instructed to immediately report to the 
occupational health outpatient clinic for the same- 
day RT-PCR testing. 


Study Variables 

Professions were categorized as physicians (med- 
ical doctors, dentists, pharmacists), nurses, allied 
healthcare personnel (laboratory technicians, di- 
eticians, social workers, physiotherapists, anes- 
thetic technicians), auxiliary staff (administra- 
tive staff, secretaries, office workers), and support 
staff (cleaning staff, porters, repair workers, garden 
maintenance staff, kitchen workers, security staff). 
Symptoms identified in the risk assessment phone 
interview were acknowledged as symptom pres- 
ence. HCWs vaccinated with at least two doses of 
inactivated or mRNA COVID-19 vaccines 14 days 
before the exposure was classified as two-dose vac- 
cinated. A positive RT-PCR result at least 14 days 
before the first exposure date was defined as a pre- 
vious infection. The use of respiratory or surgical 
masks constituted PPE use. We followed the ex- 
posed workers until 14 days after the last contact 
with a SARS-CoV-2-infected person and assessed 
their RT-PCR test results within that timeframe. In- 
dividuals with all negative results were considered 
PCR-negative, and those with at least one positive 
result were regarded as PCR-positive, regardless of 
any negative results. 


Statistical Analysis 

Categorical variables were presented as numbers 
with percentages (n, %) and were analyzed using 
the chi-squared test. According to the normal dis- 
tribution assessment, the Student’s t-test or the 
Mann-Whitney U test was conducted to compare 
continuous variables. Factors associated with re- 
porting a positive PCR test were evaluated using lo- 
gistic regression among the contacted HCWs who 
had RT-PCR testing. The measure of risk was the 
odds ratio (OR) with 95% confidence interval (Cl). 


(n=3389). 
—E—EEEEEE—_>____—_========———E—EEE——E—EEE—EE——— == 
n (%) 
Gender (female) 1989 (58.7) 
Age, mean+SD 35,249,0 
Profession 
Physician 843 (24.9) 
Nurse 1033 (30.5) 
Allied healthcare personnel 140 (4.1) 
Auxiliary staff 1106 (32.6) 
Support staff 267 (7.9) 
Previously infected 100 (3.0) 
Two-dose vaccination 380 (11.2) 
Case type 
Colleague 2292 (67.6) 
Patient 1097 (32.4) 
Contact distance 
21 meter 1038 (30.6) 
<1 meter 2351 (69.4) 
Contact duration 
<15 minutes 1329 (39.2) 
215 minutes 2060 (60.8) 
PPE use 1929 (56.9) 
Use of surgical masks 1695 (50) 
Use of respiratory masks 234 (6.9) 
Use of goggles or face shields 85 (2.5) 
Having symptoms 824 (24.3) 
Risk category 
Low 1185 (35.0) 
Medium 1173 (34.6) 
High 1031 (30.4) 
SARS-CoV-2 RT-PCR tested 2451 (72.3) 
SARS-CoV-2 RT-PCR positive* 144 (5.9) 


SD: Standard deviation, PPE: Personal protective equipment. 
*Test positivity calculated based on those tested. 


high-risk HCWs but not for low-risk HCWs. Regard- 
less of risk category, HCWs experiencing any symp- 
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To investigate the practical use of contact and risk 
assessment-based models incorporating symptoms 
and other variables, we built four different mod- 
els with the “enter” method. Model 1 and Model 2 
were contact-based models. Model 1 involved an 
assessment of the globally accepted measures: use 
of PPE, contact duration, and distance. Model 2 in- 
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corporated Model 1 variables plus the presence of model utilizing the risk categories (low, medium, 
symptoms. For Model 3, we built a risk assessment and high risk) as summarized in Table 1. In Model 4, 


Table 3. Comparison of the HCWs who tested RT-PCR negative and positive within 
14 days after the last exposure (n=2451). 


PCR negative PCR positive 
n=2307 n=144 [a OR (95% Cl) 
n (%) n (%) 
Gender 
Female 1369 (59.3) 87 (60.4) Ref. 
0.87 
Male 938 (40.7) 57 (39.6) 0.96 (0.68-1.35) 
Age, mean+SD 34.94+8.8 33.929,2 0.17 0.99 (0.97-1.01) 
Profession 
Physician 569 (24.7) 28 (19.4) Ref. 
Nurse 697 (30.2) 41 (28.5) 1.19 (0.73-1.98) 
Allied healthcare personnel 98 (4.2) 5 (3.5) 0.22 1.06 (0.35-2.61) 
Auxiliary staff 747 (32.4) 60 (41.7) 1.63 (1.03-2.62) 
Support staff 196 (8.5) 10 (6.9) 1.05 (0.47-2.14) 
Previously infected 
Yes 65 (2.82) 3 (2.08) Ref, 
0.80 
No 2242 (97.2) 141 (97.9) 1.30 (0.47-5.54) 
Two doses vaccinated 
Yes 261 (11.3) 13 (9.03) Ref, 
0.48 
No 2046 (88.7) 131 (91.0) 1.27 (0.74-2.40) 
Case type 
Colleague 1703 (73.8) 117 (81.2) Ref. 
0.06 
Patient 604 (26.2) 27 (18.8) 0.65 (0.42-0.99) 
Contact distance 
21 meter 581 (25.2) 25 (17.4) Ref. 
0.04 
<1 meter 1726 (74.8) 119 (82.6) 1.59 (1.04-2.53) 
Contact duration 
<15 minutes 688 (29.8) 23 (16.0) Ref. 
0.001 
>15 minutes 1619 (70.2) 121 (84.0) 2.22 (1.44-3.59) 
PPE use 
Yes 1046 (45.3) 42 (29.2) Ref. 
<0.001 
No 1261 (54.7) 102 (70.8) 2.01 (1.40-2.94) 
Use of surgical masks 
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Continue to Table 3 


Yes 919 (39.8) 


35 (24.3) Ref. 


No 1388 (60.2) 


<0.001 


109 (75.7) 2.06 (1.41-3.08) 


Use of respiratory masks 


Yes 127 (5.50) 7 (4.86) Ref, 


No 2180 (94.5) 


0.89 


137 (95.1) 1.12 (0.55-2.70) 


Use of goggles or face shields 


Yes 25 (1.08) 


3 (2.08) Ref. 


No 2282 (98.9) 


0.23 


141 (97.9) 0.49 (0.17-2.17) 


Having symptoms 


No 1585 (68.7) 79 (54.9) Ref. 


Yes 722 (31.3) 65 (45.1) 


0.001 


1.81 (1.28-2.54) 


Risk assessment category 


Low 396 (17.2) 16 (11.1) Ref, 


Medium 


995 (43.1) 31 (21.5) <0.001 


0.77 (0.42-1.46) 


*Chi-square or Student-t test. 
OR: Odds ratio, PPE: Personal protective equipment. 


we included Model 3 variables plus the presence of 
symptoms. All models were adjusted to account for 
demographic variables (age, gender), occupational 
variables (profession, case type), and COVID-19 his- 
tory (previous infection, vaccination). To compare 
the discriminative power and fits of the models, we 
calculated the AUC (area under the curve), Tjur’s R’, 
and Akaike’s information criterion (AIC). To evalu- 
ate the diagnostic accuracy, we computed the diag- 
nostic odds ratio (DOR) for various thresholds of the 
models, ranging from 1% to 15%. The DOR was cal- 
culated as (Sensitivity / [1- Sensitivity]) / ([1-Speci- 
ficity] / Specificity). The DOR remains unaffected by 
the prevalence of the disease (17). It quantifies the 
odds of positive test results in individuals with RT- 
PCR positivity compared to the odds of positive test 
results in those without RT-PCR positivity. 


As a sensitivity analysis, we repeated all models with 
inverse probability weighting (IPW) to address poten- 
tial selection bias stemming from unequal probabil- 
ities of RT-PCR testing among risk categories. The 
variables (age, having symptoms, risk category, and 
case type) used for IPW were profession and the sta- 
tistically significant variables in the comparison of 
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High 916 (39.7) 97 (67.4) 


2.60 (1.55-4.64) 


RT-PCR-tested and not-tested workers (Supplemen- 
tary Table 1). Statistical analyses were conducted 
using R version 4.2.3, with double-sided p-values of 
less than 0.05 considered significant. 


RESULTS 


A total of 3389 contacts that occurred from March 
23, 2020, to October 22, 2021, were included in the 
study. The characteristics of exposed HCWs are 
presented in Table 2. The majority of contacts oc- 
curred among colleagues (67.6%). The mean age of 
the exposed HCWs was 35.2+9.0, and the majori- 
ty were women (58.7%). Of the contacts, 69.4% oc- 
curred within 1 meter of distance, and 60.8% last- 
ed 15 minutes or more. PPE was used in 56.9% of 
the contacts. Exposure risk was reported as low in 
35.0% of the contacts, followed by medium (34.6%) 
and high risk (30.4%). Of the contacts, 24.3% were 
experiencing symptoms at the time of risk assess- 
ment. Among the 2451 (72.3%) exposed HCWs who 
had SARS-CoV-2 PCR testing, 144 (5.9%) had a posi- 
tive RT-PCR test result. Clinically, all cases were as- 
ymptomatic or with mild illness with no intensive 
care unit (ICU) admission or death. 
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Table 4. Logistic regression results using contact-based and risk assessment-based models 
predicting SARS-CoV-2 RT-PCR positivity within 14-days after the last exposure. 


Contact-based models 


Risk assessment-based models 


Model 1 Model 2 Model 3 Model 4. 
OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl) 
No PPE use 1.64 (1.03-2.66) 1.61 (1.01-2.62) 2 : 
<1 meter contact distance 1.40 (0.89-2.28) 1.32 (0.84-2.16) - - 
= 15-minute contact duration 1.89 (1.21-3.09) 1.83 (1.17-3.00) - - 
Having symptoms - 1.50 (1.05-2.14) - 1.47 (1.03-2.09) 
Risk category 
Low - - Ref. Ref. 
Medium - . 0.77 (0.42-1.47) 0.77 (0.42-1.47) 
High : : 2.76 (1.61-5.03) 2.62 (1.53-4.80) 


Model parameters* 


AUC, 95% Cl 0.65 (0.60-0.69) 0.65 (0.61-0.70) 0.67 (0.63-0.72) 0.67 (0.63-0.72) 
Accuracy, % 50.2 64.0 60.0 55.7 
Sensitivity, % 752 60.4 70.1 74.3 
Specificity, % 48.6 64.4 58.8 54.5 

PPV, % 8.4 3:6 9.6 93 

NPV, % 97:0 96.3 96.9 7.1 

AIC 1086.1 1083.1 1069.4 1066.9 
Tjur’s R2 0.016 0.019 0.022 0.025 


OR: Odds ratio, Cl: Confidence interval, PPE: Personal protective equipment, AUC: Area under the curve, 
PPV: Positive predictive value, NPV: Negative predictive value, AIC: Akaike information criterion. 


Model 1 included PPE use, contact distance, duration, and adjustment variables. 
Model 2 included PPE use, contact distance, duration, having symptoms, and adjustment variables. 


Model 3 included the risk category and adjustment variables. 


Model 4 included the risk category, having symptoms, and adjustment variables. 
Adjustment variables: Demographic variables (age, gender), occupational variables (profession, case 


type) and COVID-19 history (previous infection, vaccination). 
*Thresholds are set to maximize Youden’s index for each model. 


A comparison of HCWs who tested positive and 
negative for PCR after exposure is shown in Table 3. 
Auxiliary staff showed an increased risk of testing 
positive compared to physicians, with an OR of 1.63 
(95% Cl=1.03-2.62). Previously infected (p=0.80) and 
fully vaccinated individuals (p=0.48) demonstrated 
no significant difference in PCR positivity within 14 
days post-exposure. Contact of < 1-meter (OR=1.59, 
95% Cl=1.04-2.53), 215 minutes duration (OR=2.22, 
95% Cl=1.44-3.59), no use of PPE (OR=2.01, 95% 


Cl=1.40-2.94), and having symptoms (OR=1.81, 95% 
CI=1.28-2.54) were associated with a significant in- 
crease in the odds of PCR positivity. 


Table 4 presents logistic regression results for the 
PCR positivity within 14 days after the last expo- 
sure. In the contact-based Model 1, no PPE use 
(OR=1.64, 95% CI=1.03-2.66) and 215 minutes of 
contact duration (OR=1.89, 95% ClI=1.21-3.09) were 
significantly associated with PCR positivity. In Mod- 
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Table 5. The diagnostic odds ratios of the contact-based or risk 
assessment-based model thresholds range from 1% to 15%. 


Contact: based models Risk assessment-based 
Threshold model: 
Model 1 Model 2 Model 3 Model 4 

1% - - - - 

2% 5.80 2:09) 1.86 2.49 
3% 1.93 2.46 2:55 2.81 
4% 2.45 2.81 3.00 3.47 
5% 2.71 2.45 3.33 3.04 
6% 229: 2.58 2.89 2.99 
7% 2.22 2.53 2.61 2.62 
8% 2.38 2:53 2.65 252 
9% 2.55 2.60 279 2.93 
10% 2.87 271 3.01 3.01 
11% 2.73 3.25 2.99 3.48 
12% 4.39 3.49 3.69 3.96 
13% 4.02 4.28 5.29 3.67 
14% 3.76 6.08 4.11 5.41 
15% 4.03 6.65 6.49 9.46 


Model 1 included PPE use, contact distance, duration, and adjustment variables. 
Model 2 included PPE use, contact distance, duration, having symptoms, and 
adjustment variables. 

Model 3 included the risk category and adjustment variables. 

Model 4 included the risk category, having symptoms and adjustment variables. 
Adjustment variables were: Demographic variables (age, gender), occupational 
variables (profession, case type) and COVID-19 history (previous infection, 
vaccination). 


el 2, symptoms were added to Model 1 variables, 
which improved model parameters (AIC from 
1086.1 to 1083.1; Tjur’s R? from 0.016 to 0.019, re- 
spectively). According to the risk assessment-based 
Model 3, being evaluated as a high-risk contact in- 
creased the odds of PCR positivity (OR=2.76, 95% 
Cl=1.61-5.03). Model 4, which combined risk assess- 
ment and the presence of symptoms, had the best 
fit compared to other models with an AIC of 1066.9 
and Tjur’s R? of 0.025. IPW models revealed similar 
results, as summarized in Supplementary Table 2. 


Table 5 shows the DOR calculated for four models, 
with varied thresholds ranging from 1% to 15%. At 
the minimum threshold (2%), Model 1 had the high- 
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est DOR of 5.80, and at the maximum threshold 
(15%), Model 4 had the highest DOR of 9.46. 


DISCUSSION 


This study evaluated factors associated with devel- 
oping RT-PCR positivity among exposed HCWs by 
analyzing one of the largest single-center contact 
tracing and exposure risk data from the COVID-19 
pandemic. Our findings indicate that exposure risk 
assessment variables (i.e., use of PPE, contact dis- 
tance and duration) significantly predict the devel- 
opment of infection, and whether the contact has 
symptoms or not improves this prediction. 


Rigorous contact tracing can limit disease spread 
but may not be feasible once a substantial surge of 
new cases is reported daily (18). Managing a large 
number of in-hospital contacts requires significant 
human resources, timely communication, meticu- 
lous record-keeping, data management, and coor- 
dination efforts. As the full quarantine of exposed 
workers may be unrealistic, international organiza- 
tions suggested exposure risk algorithms. Building 
upon the institutionally modified algorithms, our 
study found that a lack of PPE use and 215 minutes 
of contact duration increased the risk of RT-PCR 
positivity in contact-based models, but no associa- 
tion was found for contact distance. 


Our findings are consistent with at least four me- 
ta-analyses (19-22), which also concluded that masks 
effectively prevent infection in HCWs. The data used 
in the studies was inherently based on one infector-in- 
fectee pair’s contact details. When there was wide- 
spread community transmission, the true protective 
effect of masking could be limited as prolonged mask 
use is difficult to adhere to, causing discomfort and 
breathing difficulties (23, 24). For this reason, a more 
strategic use of masks could be considered, making it 
stricter in high-risk areas such as those dealing with 
immunosuppressed patients or ICUs while adopting a 
more relaxed approach in other areas. 


Contrary to a meta-analysis conducted during the 
early stages of the pandemic (25), this study found 
that contact distance had no significant effect on 
infection. Theoretically, social distancing reduces 
the exposure of virus-containing droplets/aerosols 
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from one person to another as it limits the frequen- 
cy of people sharing the same space. However, ac- 
curately assessing the contact distance proves chal- 
lenging during the risk assessment as it may fluc- 
tuate throughout the contact period. Most existing 
literature focuses on country-level measures and 
outcomes, leaving a gap to explore person-to-per- 
son transmission dynamics (26-28). 


The duration of contact is essential for risk assess- 
ment (9-12). We found that >15 minutes of contact 
increased the transmission risk. Integrating sys- 
tematic pauses or breaks in prolonged healthcare 
activities could serve as a strategic intervention to 
limit direct contact and reduce transmission risk 
among HCWs. Controversially, for the workplace 
contacts of HCWs, Murugesan et al. did not identify 
a significant relationship between contact duration 
and symptom onset after exposure (29). Limiting 
contact duration during patient care is not always 
feasible in hospital settings, particularly in emer- 
gency care and surgeries. In such cases, controlling 
other measures, such as using masks and ventila- 
tion, should be critical to minimize transmission 
from a definite COVID-19 case. 


Our risk assessment procedure indicated a connec- 
tion between the presence of symptoms and trans- 
mission, which aligns with the findings of Mark et 
al. (5). Despite its significance, symptom status is 
not directly a part of risk assessment procedures 
(7, 8, 16). Incorporating symptom-based approaches 
into risk assessment models can pose challenges. 
Lack of confirming the probable COVID-19 case due 
to the not-perfect sensitivity of RT-PCR may lead to 
operational confusion of exposed HCW manage- 
ment. Additionally, the subjective nature of symp- 
tom reporting introduces prolonged sick leaves. 


Similar to the findings of Durmaz et al. and Kalem 
et al., this study identified a 4.2% PCR positivity 
144/3389) among contacts, with reported symptoms 
at 24.3% during interviews, notably higher (10, 11). 
During the pandemic, protective measures like pro- 
onged mask-wearing may have led to symptoms 
(headaches, fatigue) that could be mistaken for 
COVID-19. Healthcare workers may have meticu- 
ously examined these symptoms, which could blend 
with genuine COVID-19 indicators. Additionally, PCR 
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test sensitivity and sampling issues might have ob- 
structed complete diagnostic accuracy. Despite our 
healthcare staff not being restricted by testing lim- 
itations, early national policies that curtailed PCR 
testing for asymptomatic cases may have impacted 
symptom reports. Furthermore, the presence of a 
group in the study that did not undergo testing could 
have also influenced the PCR positivity rate. 


One of the important practical applications of the 
study lies in its ability to empower decision-mak- 
ers with infection probabilities and discrimination 
power of the models based on real-world data. 
Through a user-friendly web-embedded platform, 
users can input relevant variables, enabling the 
models to generate real-time predictions for new- 
ly emerged respiratory virus infections that could 
require a response on a global scale. By utilizing 
this, the institutions can efficiently save time and 
personnel resources. We suggest lower probability 
thresholds and models with higher DORs for de- 
partments where infection-prone patients are ad- 
mitted, such as hematology and oncology units, to 
minimize the HCW to patient transmission. 


This study had several limitations. Initially, it was 
subject to recall bias, as contact details were based 
on personal statements. Subsequently, ascertain- 
ment bias could have arisen from unequal PCR test- 
ing probabilities among contact risk categories. We 
attempted to address selection bias by rebuilding 
inverse probability-weighted models. Furthermore, 
the single-center nature of the study may limit its 
generalizability to other hospital settings and oth- 
er countries. To establish the utility of the models, 
external validation using datasets from different 
institutions is necessary. Due to the limited avail- 
ability of variant analysis kits in our institution, 
comprehensive data on variants were lacking, po- 
tentially causing overlooked differences attributed 
to various variants. Lastly, this study may not have 
fully differentiated between workplace infections 
and community-based acquisitions. Additionally, it 
may not always be clear whether a contact was al- 
ready positive prior to the interaction, independent 
of the exposure event. However, the policy within 
our institution allows for rapid PCR screening of 
symptomatic employees, which suggests that such 
cases are likely rare. 
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In conclusion, in this tertiary hospital study, the 
inclusion of being symptomatic made an im- 
provement on the contact-based and risk assess- 
ment-based models. Based on these data, institu- 
tions with sufficient resources are encouraged to 
incorporate symptom inquiries into their risk as- 
sessment protocols in response to newly emerged 
respiratory virus infections that may seriously af- 
fect public health. Meanwhile, at minimum, insti- 


tutions lacking the capacity for extensive contact 
tracing are recommended to track symptomatic 
exposed HCWs for outbreak control. Aiming for a 
zero-infection policy is extremely challenging and 
even unrealistic in the long term; hospitals should 
focus their mitigation efforts on evidence-based 
strategies, consequently enhancing both patient 
and HCW safety. 
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